The effect of increasing the temperature of the core in the primary iron cored coil on the emf induced in the secondary iron cored coil is studied. Temperature dependence of impedance of primary coil is also reported. It was observed that the emf induced in the secondary coil increases linearly with increase of temperature of core in the primary coil.
Introduction
The present study deals with the electromagnetic induction of primary coil. Attempts were made to get more emf (Electrical energy) than given by Faradays law of induction. These studies can be useful in changing the design of synchronous generators. If one of the two iron cored coils is supplied with AC voltage an emf is induced in the second iron cored coil. The first one is known as primary coil and the second one as secondary coil. The emf induced in the secondary coil depends on 1) number of turns of the coil 2) rate of change of flux and 3) the permeability of core material. In an earlier investigation [1] the author has observed that the emf induced in the secondary coil increases as the temperature of the core in the secondary is increased. He observed an increase of 73% in emf at a core temperature of 700°C. During the course of these studies two new parameters 1) coefficient of permeability 2) coefficient of induced emf are defined and measured for Mild steel. The experimental arrangement for the studies is shown in the figure 1. ABCD is a glass tube of diameter 4.8cm and length 24cm. It is wound with an insulated copper wire of gauge no16.The windings are wound in a single layer and numbers of turns are 190.This coil is known as primary coil. G 1 G 2 , G 3 G 4 is another glass tube of length 24cm and diameter 3 cm. This glass tube is used as thermal insulator for primary coil. MM is a Mild steel rod of length 20 cm and diameter 2.5 cm. Two holes are drilled on the two ends of the rod. RS is another Mild steel rod similar to MM. R 1 is at a distance of 1.5cm from the end R. Two Aluminum discs P 1 Q 1 and P 2 Q 2 of diameter 4 cm are attached at R and R 1 . In the space between the discs thin copper wire of gauge 24 is wound. This coil is known as secondary coil.
Experimental Arrangement
UV is another Mild steel rod similar to MM and is wound with thin copper wire of gauge 24 along its length. W is a variac operated on mains supply and having current carrying capacity of 20 amps. F is a digital AC ammeter that can measure up to 20 amps.
In the first experiment the rod UV is kept infront of the rod MM coaxially at a distance of one cm. A thermo couple is inserted in the hole made on the face of MM. A digital multimeter is connected to the coil on the rod UV.This measures the emf induced E s * in the coil. The current through the primary coil is varied from 0 to 12 amps and the induced emfE s * at room temperature is recorded for different primary currents. The voltage across the primary coil is also noted for every primary current.
A large current of 18 amps is passed through the primary coil. Due to this the temperature of the rod MM increases and the rod is heated until its temperature becomes steady at 200 0 C. This is the sample temperature taken to observe the effect. At this stage the current through the primary coil is brought to 0 and varied from 0 to 12 amps and E s * is measured for different primary currents. The primary currents are chosen to have the same value as those at room temperature.
In the second experiment, the rod MM is annealed at 800 0 C for about 3hrs by keeping it in an electrical furnace. It is slowly brought to room temperature. The rod RS is kept coaxially with MM. The two rods are separated by a distance of 1cm. A digital multimeter is connected to the secondary coil. The current through the primary coil (Ip) is adjusted to 4.37 amps and the induced emf in the secondary coil (E s ) is noted. The rod MM is kept inside a electrical furnace and is heated up to 740 0 C. The length of the heating chamber of the furnace is 24cm. At this temperature the rod is kept for about 30 minutes. The rod is then transferred in to the glass tube G 1 G 2, G 3 G 4 .
A thermo couple is inserted in to the hole on the face of MM. During transfer from furnace to the glass tube G 1 G 2 , the rod is cooled to a temperature of 600 0 C. As the rod is cooling from 600 0 C to room temperature induced voltage in the secondary (E s ) and the potential drop across the primary coil (V p) are recorded at different temperatures with an interval of 50 0 C. The current through the primary coil is maintained constant at the predetermined value throughout the experiment. The above procedure is repeated for different primary currents. During this experiment it is observed that the temperature of primary coil increases to 100 to 120 0 C only. The same rod is used in all the recordings.
Results and Discussions
In the figure2, the variation of E s * withIp is shown at room temperature and at 200 0 C.From the figure the following conclusions can be drawn.
The emf induced in the secondary coil ata temperature of200 0 C of primary core is more than at room temperature for every primary current. As primary current increases, more emf is induced in the secondary coil at higher temperature of the primary core. In figure 3 , the variation of E s with core temperature in primary coil at a primary current Ip of 14 amps is shown. Similarly in figure 4 , the variation of Vp with temperature of primary core at a primary current Ip of 14 amps is shown. From the figure 3 it is clear that induced emf in the secondary coil depends on temperature of core in the primary coil and it varies linearly with temperature for a given primary current. The same behaviour is observed for all the recorded primary currents. The variation of net increase in Es andVp with primary current is shown in figures 5 and 6. The second experiment also confirms the conclusions drawn from the first experiment i.e. the induced emf in the secondary coil depends on the temperature of the core in the primary. In table I is also shown the values of Z p , the impedance of primary coil. The impedance Z p is the ratio of Vp to Ip. The data shows that the impedance of the coil at 500 0 C increases by 40% to that at room temperature. The magnetic induction (B) at the center of the iron cored solenoid of length (L) and radius (a) carrying a current (Ip) amps is Where N P = Total number of turns in primary μ = permeability of the core material
The magnetic induction at R is B R Where x = distance of R from solenoid i.e. B R α B The induced emf in the secondary coil . Where = frequency exciting voltage in the primary.
N S = number of turns in the secondary. B R = the magnetic induction in the secondary coil. A = Area of cross section of the secondary coil. Thus for a given coil E s is proportional to the magnetic induction B R . Since E s is increasing with temperature, it can be concluded that the magnetic induction B R is increasing with temperature. Since Ip is maintained constant during the experiment, the magnetic field H remains constant. The magnetic induction B R = μ H, the increase inB R can be attributed to the increase in the permeability of the core material in the primary.
During this experiment it is also observed that the impedance of the primary coil Z p is increases by 40% when the core temperature is increased from 50 0 C to 500 0 C.
The impedance Zp of the coil is
The increase in the impedance of the coil is due to either increase in the resistance (R) of the coil or due to increase in the inductance (L).The resistance of the primary coil is measured at room temperature is 1.2ohms.The temperature coefficient of resistivity of copper is 0.0043/ 0 C.During the experiment it is observed that the temperature of the primary coil is around 100 0 C.The increase in resistivity calculated from this data is around 12% only. Thus the increase in impedance in this experiment is due to increase in the inductance of the primary coil. In an earlier experiment [1] the inductance of an iron cored coil is measured with an LCR bridge, as a function of secondary core temperature. It was found that the inductance increases as the temperature increases.
The inductance of an iron cored coil (A is the area of cross section of the coil) i.e. the increase in inductance is due to increase in the permeability of the core material.
Conclusions
This experiment establishes that the emf induced in the secondary iron cored coil can be increased by increasing the temperature of the core in the primary coil. This increase is due to increase of permeability of core material with temperature. In future it is proposed to extend these studies to all other ferromagnetic materials. This enables to develop a material which gives more induced emf for a small increase in temperature. Such material can be used as a core material in electrical machines. These machines can generate more electrical power compared to existing machines. Thus these studies are aimed at generating more electrical power which is necessary for the all round growth of the nation.
